Abstract
Introduction
Gastro-esophageal acid reflux disease (GERD) is a complex pathologic condition defined recently in 2006 by the Montreal working group as the disease in which gastric acid reflux causes symptoms or/and complications [1] . Taking into consideration that the typical symptom of GERD, heartburn, is manifest in a large percentage of individuals occasionally without any other associated signs or symptoms, the aforementioned working group decided that for the diagnosis of GERD the patient needs to have constant manifestations or the examining physician has to find one or more complications related to acid reflux (esophagitis, etc.) [1] .
Such manifestations related to GERD are chronic cough, chronic laryngitis, non-allergic asthma and dental erosion syndrome. Seeing the high prevalence of GERD in the Western industrialized countries (as much as 40% according to some authors) [2] , [3] we can conclude that GERD is one of the pre-eminent factors responsible for laryngeal pathology, along with smoking, HPV infection and vocal misuse. There are some authors that propose GERD to be listed as an independent risk factor for neoplasia [4] [5] .
Prevalence of GERD in laryngectomies
Studies investigating the frequency of postoperative tracheo-esophageal and pharyngocutaneous fistula formation after total laryngectomy found a higher prevalence of GERD in the group of patients which developed a fistula. A direct association was made by Conrad F. Smit and his team who published a study in which they used 24h pH-probe monitoring at the level of the upper esophageal sphincter in eleven patients that had a total laryngectomy performed and found pathologic pH levels in 9 out of the 11 patients [6] .
LeBlanc et. al., took this hypothesis further and performed 24h pH monitoring before and after surgery in a group of 10 patients that underwent total laryngectomy. Postoperatively the Ryan score (which is compiled on the number of times the pH drops under 5.5 in upright as well as lying down positions, the total time the pH is under 5.5 and the percentage of this time from the total measurement time) doubled [7] .
Etiopathology of acid reflux following total laryngectomy
The reasoning behind this high prevalence of GERD associated with total laryngectomy is the modification of the upper esophageal sphincter. This is done either by direct miotomy of the crico-pharyngeus muscle or by injuring the nervous pharyngeal plexus during the laryngectomy [6] , [7] . Another element that serves as protection against acid reflux is the salivary excretion that acts as a clearance mechanism. After total laryngectomy most patients undergo IMRT and adjuvant chemotherapy -that further reduces salivary excretion.
The effect of acid reflux on the pharyngeal and esophageal epithelium is demonstrated by a series of studies on animal and human subjects and is the most severe when pH levels drop under 1.6. As much as the acidity levels, harmful for the epithelium is the association of pepsin (found in the gastric juice) with the enzymes found in the biliary juice (trypsin, taurocholate, lysolecithin). Pathologic studies found that damage is dose-dependent and progressive, from superficial ulceration, submucous hemorrhage, transmural inflammation to necrosis [8] .
Materials and method
The authors performed an analysis of English language articles found following a search of the major medical scientific databases (NCBI®, EMBASE®, Cochrane®) containing the following keyword string: vocal prosthesis AND total laryngectomy OR tracheoesophageal fistula, each associated with GERD OR acid reflux. Read and cited with priority were more recent articles, after the year 2010.
Results
One of the first cases published by Starling et. al. in 1979 was of a laryngectomy which used esophageal voice to communicate and developed severe GERD symptoms as well as a diminishing capacity for esophageal speech. The authors performed a Nissen fundo-plication on the patient -with significant improvement of the symptoms as well as the communication capability [9] .
Building on this hypothesis, Mathis et.al. published a paper comparing two groups of laryngectomies that used esophageal voice to communicate. The groups were divided by their ability to effectively use this method in good and adequate ability and the ones that had difficulties in communication. After measuring the pressure in the region of the lower esophageal sphincter as well as the pH level, the authors concluded that the group of patients with difficulties in using esophageal speech had higher acidity levels and lower closure pressure of the sphincter [10] .
Prof. Maier [11] emitted the hypothesis that by using the recommended medical treatment of GERD, one could improve the outcome of voice rehabilitation after total laryngectomy.
More recent studies, like the ones by Seikaly [12] , Echegaray [13] and Mannelli [14] demonstrated on significant patient groups that postoperative anti-reflux medication (H2-blockers and metoclopramide) can reduce the incidence of pharyngo-cutaneous and tracheoesophageal fistula formation and therefore reduce hospital stay and improve outcome.
Regarding the technique of vocal rehabilitation with tracheo-esophageal implant, the possible complications can be divided into complications related to the malfunction of the device and complications related to the tracheoesophageal shunt. According to the authors, fistula enlargement occurs in almost one out of three patients (13-35%) [15] [16] [17] .
Lorenz further divides enlargement of the tracheo-esophageal fistula in the atrophic type and the septic-necrotic type (Figure 1 ) [18] . Septic-necrotic enlargement of the fistula is due to mechanic irritation by the speaking valve and local infections which in turn cause inflammation and edema that leads to ischemia and necrosis. This responds favorably to antiinflammatory drugs and antibiotics. Atrophic enlargement of the fistula however is usually linked to GERD and is harder to treat because it leads to the thinning of the whole posterior tracheal wall [19] . Without regard to the type, fistula enlargement leads to microaspiration of liquids and saliva which progresses towards aspiration of food, spontaneous expulsion or ingestion of the speaking valve, and even pulmonary septic complications. As described anteriorly, acid reflux erodes the margins of the tracheo-esophageal fistula with progressive enlargement (Figure 2 ). Bock et. al. performed biopsies from the tracheoesophageal puncture site in 17 total laryngectomy patients and in 10 out of the 17 patients pepsin was found [20] . However, as recent as 2003, studies of complications after vocal prosthesis implantation did not take into consideration supraesophageal reflux as a possible risk factor for these complications [21] [22].
An ample 6 month study from the University of Ulm, under the coordination of K. Lorenz, performed on 60 total laryngectomy patients who had vocal prostheses, analyzed the 24h pHmetry before and after 6 months of PPI therapy. Results showed that patients with supra-esophageal reflux treated with PPI had a 10 times lower risk to develop enlargement of the fistula and the complications that derive from it [23] . Similar results were reported by the teams led by Cocuzza [24] and Pattani [25] the difference being that this paper took into consideration radiotherapy -which was demonstrated to be another independent risk factor in developing complications of tracheoesophageal speech rehabilitation.
Although generally recognized as an important factor in the failure of vocal rehabilitation by TEP, pepsin levels detected by ELISA in the saliva of laryngectomies by a team led by Hadzibegovic [26] did not correlate with complications of TEP.
Discussion
Until present day, a consensus on the recommendations for screening and diagnosis of GERD in total laryngectomy patients does not exist. Most studies use 24h ambulatory pH monitoring as a diagnostic tool. Although not a routine test, it's minimally invasive nature and high sensibility recommend it as a viable diagnostic tool.
Prophylactic treatment of GERD after total laryngectomy with H2 blockers and prokinetics has been demonstrated to reduce the risk of fistula formation -and therefore improves outcome of primary speaking valve placement. There is no data referring to the recommended duration of this treatment.
The decision resides with the ENT physician and should be taken on a per patient basis. It should take into consideration that reflux cannot be prevented in this type of patient and therefore reducing the acidity (by means of PPI therapy) of the secretions has a better therapeutic outcome than other medications. The local examination when changing the speaking valve as well as patient symptoms and complications arisen should prompt the physician to screen for GERD and initiate therapy.
The authors hope that this review of available literature concerning the relationship between supraesophageal acid reflux and the enlarging of the tracheo-esophageal puncture site provides a clear decision tree and sufficient evidence for ENT surgeons to actively search for and treat GERD in their patients, thus permitting better outcomes after voice rehabilitation with TEP.
Conclusions
All studies show that total laryngectomy patients have a higher susceptibility to GERD, because of mechanic, dynamic and iatrogenic factors. This leads to a higher prevalence of GERD in patients that are at risk to develop local complications, like postoperative pharyngo-cutaneous fistulae. In the subpopulation of laryngectomies that have speaking valves implanted in an iatrogenic tracheo-esophageal fistula, GERD-provoked lesions lead to enlargement of the fistula diameter. This will lead to complications progressing from microaspiration of saliva and liquids to spontaneous expulsion of the vocal prosthesis.
These complications will in turn affect the patient's quality of life and increase the need for changing to larger and larger diameter prostheses or using augmenting flanges to combat the increasing fistula diameter. These measures have increased costs and may lead even to hospitalization of the patient and surgery to recalibrate or even temporarily close the fistula.
